We highlight the importance of an integrated management policy for archaeological monuments and the insect-eating bats that roost inside them. We refer to India, but the issue is general and of worldwide significance. There is increasing evidence that the ecosystem services provided by insect-eating bats in agricultural fields are of vital economic importance, which is likely to increase as chemical pest-control methods become inefficient due to evolving multi-resistance in insects. We visited five archaeological sites in the city of New Delhi. We found bats at all five locations, and three of them harbored large colonies (many thousands) of mouse-tailed bats and tomb bats. These bats likely disperse over extensive areas to feed, including agricultural fields in the vicinity and beyond. All insect-eating bats should be protected and properly managed as a valuable resource at the archaeological sites where they occur. We firmly believe that "fear" of bats can be turned into curiosity by means of education and that their presence should instead enhance the value of the sites. We suggest some means to protect the bats roosting inside the buildings, while mitigating potential conflicts with archaeological and touristic interests.
Introduction
Effective solutions to environmental issues often require constructive interactions between experts from different scientific disciplines. Indeed, cooperation across subject boundaries may give rise to new ideas, and it is in the interface between subjects that new fields of research may sprout. In this article, we aim to stimulate such interdisciplinary interactions, specifically involving archaeologists, conservation biologists, and perhaps also agricultural scientists. The root of the issue is the potential conflict arising because of the dualism inherent in the human perception of bats; unappreciated, feared, or even hated on one side, but high-profile conservation targets of economic significance on the other. In this note, we call for an integrated management policy for ancient monuments and the bats that live inside them.
There are several thousand historical temples and monuments in India, mostly administrated by the Archaeological Survey of India [1] . Many of them are currently being restored, and more are likely to undergo restoration efforts, partly to facilitate the development of tourism-a rapidly growing sector in India [2] . The restoration and preservation projects require the consideration of threats from different angles, such as the chemical and biological degradation of the buildings [3] , safety issues, the presence of drug abuse, litter, and, last but not least, deliberate destruction and vandalism [4] [5] [6] . In this note, we concentrate on the relationship between buildings and bats.
Archaeological sites are essential parts of the cultural heritage of India and the world, but we must not ignore the fact that they also harbor wild animals, notably bats, which are valuable parts of the natural heritage. Buildings and the resident bats should be managed wisely and sustainably for the benefit of both, and bats should not be evicted or eradicated from archaeological sites without earnest consideration. As we shall see, there is increasing evidence that bats are of considerable economic value, because they increase agricultural yields by feeding on pest insects [7, 8] .
In 1962, bats were reported to be "extremely common" in India, particularly in natural or artificial "caves", including dark corners of old monuments and temples [9] [10] [11] . However, things may have changed since 1962, and there is now an urgent need of a comprehensive update of the bat populations in India. Nevertheless, the temples and monuments probably still house many bats, which may remove tons of insects each night over adjacent and distant agricultural fields. Bats are incredibly efficient consumers of flying insects [12, 13] and can control and suppress populations of pests [14, 15] . To find food, some bats, including those considered in this paper, hunt socially [16] and communicate over long distances [17] [18] [19] , thereby rapidly congregating at rich feeding sites [20, 21] , for example, where migrations or outbreaks of pest insects occur [22, 23] .
Little research on this topic has been conducted in India, and indeed, bats remain severely understudied and undervalued in this country. Also, they remain essentially unprotected in India, which is a cause of grave concern in itself. By this note, we attempt to highlight the central role of ancient monuments for the bat populations therein, the pest control function maintained by bats in agriculture, and ultimately, the sustainability of food production in India. We emphasize that the ideas outlined here are based on evidence from other countries. They are speculative with respect to India, only because relevant studies have not been carried out.
The Sites
During a week in October 2018, we visited five archaeological sites in central New Delhi that still have bat colonies (Table 1) . The visits were made in the daytime, with the principal purpose of watching and photographing the resident bats in their natural habitat. [25, 31, 32] One of our sites was the Agrasen ki Baoli, a stepwell, constructed in the 14th century to store rainwater [24] . The other four sites were mosques or forts, constructed under Mughal power during either the Delhi Sultanate (1206-1526) or the subsequent Mughal Empire (1565-1857) [25, 26] .
The Feroz Shah Kotla fortress mostly consists of ruins but includes Jami Masjid, an old mosque which is still in use [27] . Many vaults and chambers inside the mosque are intact and are frequented by religious people on a large scale on Thursdays for the performance of rituals. [27] . There were several thousand Thursday visitors at the mosque at the time of our first visit, and hundreds of worshippers shared the space inside the vaults and chambers with thousands of bats.
The Qutb Minar complex is also a famous tourist spot and, in fact, the most visited archaeological site in India [28] . It is also a designated UNESCO World Heritage site [29] . The 74-m-high Qutb Minar and the associated archaeological complex include the beautiful Alai Darwaza Gate, the Tomb of Iltutmish, and the Quwwatul Islam, which is the oldest mosque in India, then constructed with reused material from several Brahman temples [29] . The entire complex has recently been thoroughly renovated and extensively fitted with outdoor lights for esthetic and safety purposes. Thereby, it has become quite unfriendly to bats, but some tomb bats still roost in the unlit chambers (Figure 1 ). The remaining two sites are also open to tourists, but the number of visitors is much lower. The Zafar Mahal monument was built during the 18th and 19th centuries, toward the end of the Mughal Empire [30] . This monument has become entirely enveloped by the surrounding city concrete and traffic over the years. However, there is still room for many bats in several dark chambers and vaults remaining inside (Figure 2 ). The site is so far untouched by recent renovation attempts, and there are no esthetic lights installed in the premises. However, urban lighting is prevalent in the surroundings. The remaining two sites are also open to tourists, but the number of visitors is much lower. The Zafar Mahal monument was built during the 18th and 19th centuries, toward the end of the Mughal Empire [30] . This monument has become entirely enveloped by the surrounding city concrete and traffic over the years. However, there is still room for many bats in several dark chambers and vaults remaining inside (Figure 2 ). The site is so far untouched by recent renovation attempts, and there are no esthetic lights installed in the premises. However, urban lighting is prevalent in the surroundings.
Finally, the Khirki Mosque, one of the most important Mughal monuments [31, 32] , has also become encroached by the growing city, but, fortunately, there are no lights installed in the fort. It harbors many bats of at least four different species, most of them roosting in the dark chambers at ground level, which can be accessed from the outside ( Figure 3 ). Renovation work is ongoing, and it seems likely that it will affect the colony of fruit bats that reside in the main part of the mosque, but hopefully, the chambers at the ground level, where most of the insectivorous bats live, will escape this fate. The remaining two sites are also open to tourists, but the number of visitors is much lower. The Zafar Mahal monument was built during the 18th and 19th centuries, toward the end of the Mughal Empire [30] . This monument has become entirely enveloped by the surrounding city concrete and traffic over the years. However, there is still room for many bats in several dark chambers and vaults remaining inside (Figure 2 ). The site is so far untouched by recent renovation attempts, and there are no esthetic lights installed in the premises. However, urban lighting is prevalent in the surroundings. Finally, the Khirki Mosque, one of the most important Mughal monuments [31, 32] , has also become encroached by the growing city, but, fortunately, there are no lights installed in the fort. It harbors many bats of at least four different species, most of them roosting in the dark chambers at ground level, which can be accessed from the outside (Figure 3 ). Renovation work is ongoing, and it seems likely that it will affect the colony of fruit bats that reside in the main part of the mosque, but hopefully, the chambers at the ground level, where most of the insectivorous bats live, will escape this fate. A common factor which made these forts attractive to bats is the presence of several dark and undisturbed vaults or chambers. Smaller groups of bats are usually less selective and were also found in more exposed sites. Darkness is an essential habitat feature for bats, particularly at the roost, because it is their principal A common factor which made these forts attractive to bats is the presence of several dark and undisturbed vaults or chambers. Smaller groups of bats are usually less selective and were also found in more exposed sites. Darkness is an essential habitat feature for bats, particularly at the roost, because it is their principal protection against predation [33] . Proximity to good feeding sites is another important feature of a good bat roost. Although the forts are all located in urban settings, this has not always been the case, and the distances to the nearest agricultural fields, where the bats may feed, are no more than 2-5 km, a distance that they cover each night easily.
The mouse-tailed bats roosting in the vaults of Feroz Shah Kotla mosque showed a surprising tolerance to visitors even at close range, at least as long as they were ignored by the crowd. This suggests that the bats are seldom harassed in this place. Indeed, it was quite clear that they were tolerated by the crowd and considered as a natural feature of the place. In contrast, the bats reacted defensively to our torches and cameras, a situation they were not accustomed to (Figure 4 ). 
The Bats
Bats were found in all the visited sites, although their numbers varied, depending on the availability of undisturbed dark spaces for roosting. At each site, we did a quick survey to record the species present and obtain a rough idea of their numbers (Table 2) . 
Bats were found in all the visited sites, although their numbers varied, depending on the availability of undisturbed dark spaces for roosting. At each site, we did a quick survey to record the species present and obtain a rough idea of their numbers (Table 2) . Although there were many individual bats at the sites, they belonged to no more than four species (Table 2) , which is just a tiny fraction of the over 100 bat species known from the Indian subcontinent [34] . The sample represents species that are relatively tolerant to the presence of people and perhaps other forms of disturbance. The mouse-tailed bats, of which we found two species, the greater Rhinopoma microphyllum and the lesser Rhinopoma hardwickii, live either in small groups in relatively exposed corners or in big groups (several thousand individuals) in dark vaults outside the main tourist areas. These bats were by far the most numerous. The larger naked-backed tomb bats (Taphozous nudiventris) typically roosted in small groups in cracks and relatively exposed positions on the walls and ceilings in vaults and rooms. There was also a relatively big colony of what we think was this species, emerging from a high position (ca. 40-50 m) on the Qutb Minar in the evening.
In Table 2 we provide rough estimates of the number of individuals of each species that we observed. The three insectivorous species are all specialized for a nocturnal life in the free aerospace, where they are seldom seen from the ground. The mouse-tailed bats have somewhat short and blunt wings and are weak but persistent fliers [9] . They usually feed at high altitude and 10 km or more from the roost [16] . In contrast, the tomb bats have longer and narrower wings, which facilitate faster and straighter flight, and they probably fly much further [35] . Although they find their insect food using echolocation, just as most other bats, they use vision to navigate over long distances [36] .
Two of the sites that we visited also harbored big colonies of fruit bats, Rousettus leschenaulti, (Table 2) . Fruit bats are important as seed dispersers and pollinators of fruiting trees and offer a host of ecological services [37] but they sometimes raise concern in tourist sites because of their noisy presence and odorous excretions. However, in this paper, we will not discuss the fruit bats any further. It is the insect-eating bats that are the focus of this note.
Insect Pests of Rice
Rice (Oryza sativa) is by far the most important crop in Asia and the world, and we will use it as an illustrative example. However, the pest situation is comparable for all major crops in India, including wheat (Triticum aestivum), cotton (Gossypium hirsutum), soybean (Glycine max), potatoes (Solanum tuberosum), sugarcane (Zaccharum officinarum), and maize (Zea mays) [38] .
Pest outbreaks are a significant constraint on rice production in India and elsewhere [39, 40] . The industrial pesticide production and application on cash crops in India is poorly regulated [41] , and, at the same time, the use of chemical pesticides in agriculture has dramatically increased over the last decades [42] . The adverse effects of pesticide usage in food crops have been well documented [43] , and it is evident that such methods of pest control are unsustainable [44] . In place of chemical pest control agents, other, mostly biological, means are currently being developed, such as mating disruption by use of pheromones or sterile males [45, 46] . However, such biological agents represent only a minor proportion of the options available on the market at present [47] . In light of this, the viability of natural pest control agents, such as bats [48, 49] , will become more and more critical as multi-resistant pests evolve, and chemical control becomes increasingly inefficient.
The economic value of the ecosystem service rendered by bats by feeding on pest insects has never been estimated with respect to India. However, there is growing evidence from other parts of the world, including southern USA [50, 51] , Southeast Asia [52] , the Mediterranean [53] , China [54] , and Madagascar [55] , that bats are major consumers of pest insects with a potential or proven capacity to reduce or control their populations. The sustainability aspect of rice cultivation and food security directly attributable to the conservation of bats is already evident in Southeast Asia [56] . It is noteworthy that such studies make financial projections that closely follow the current economic trends and, hence, should serve as a basis for the economics of conservation policies.
There are about 20 species of insects regarded as major pests of rice in India (Table 3 ). The adult stages of most of them are active at night or dusk and dawn, and this is usually also the time when their migratory flights take place [57] . This means that the pests are potential food for bats, which are active and search for food at the same time of the day. Indeed, some of the pests, including the most problematic of them all, the brown planthopper (Nilaparvata lugens) and the white-backed planthopper (Sogatella furcifer) are the most important food sources for insectivorous bats feeding over paddy fields in Thailand [58, 59] and presumably elsewhere as well. Table 3 . Some of the most important pests of rice in India and notes on the life habits of the adult stage. The species list is partly adopted from reference [60] . Species marked * are known to be consumed extensively by bats in Thailand (wrinkle-lipped free-tailed bat, Chaerephon plicatus [52, 59] 
Discussion
Will it be practically possible to conserve and manage the tourists and the old buildings as well as the bats therein in a sustainable and non-destructive way? We certainly think so and, indeed, we believe that the bats themselves may even enhance the touristic quality and excitement [71, 72] . For example, an evening exodus of thousands of bats from an old monument is a spectacular sight, which probably would be appreciated by many visitors [73] , particularly if the show is combined with high-quality information about the ecological importance of the building and the bats. And what could be a better setting for an evening lecture or a public bat-watch excursion than an Indian 14th century Mughal monument?
The presence of many bats residing in old buildings sometimes raises concern because of known or suspected weathering effects on the buildings. Degradation and staining of monuments due to bat excretions certainly occur, but serious weathering effects are unusual and depend critically on the chemical composition of the building material and the excretions [74, 75] . Decaying bat guano is usually acidic [76] and therefore affects some limestones and sandstones [74] . However, Indian monuments and temples are constructed from many different materials, depending on the local geology and, although most rocks may be stained, they are not degraded by bat guano or urine [75] . It is essential that the eviction of bats be restricted to cases where it is considered absolutely necessary to prevent irreversible damage, on the basis of authentic scientific information [77] .
Large accumulations of bat guano and urine from bats sometimes have a strong smell, and this could indeed repel visitors from compartments used by bats. More seriously, however, dry accumulations of feces can lead to allergic reactions [78] or histoplasmosis [79] infections in humans, particularly if the infected air is inhaled frequently. Hence, it may be wise to remove accumulated bat feces (while using a breathing mask) now and then from spots frequented by tourists, to minimize the smell and the health risk. For the protection of tourists and bats, visitors should be discouraged from entering poorly ventilated compartments with large bat colonies (thousands of bats) and accumulations of feces. If necessary, such compartments can be gated to give bats free passage in and out, while stopping humans from entering. How such bat gates should be designed and constructed is critically important and is described in [80] . Gating could be a suitable measure at some of the ground level compartments of the Khirki mosque, for example ( Figure 3 ).
There is a rich folklore about bats in India, just as in Europe and elsewhere [81] , generally depicting bats in a bad light, and this often results in a "fear" of bats [82] . However, in contrast to Europe, there is usually no religious mandate to persecute bats in India, where particularly the Hindu philosophy rather emphasizes the value of life in harmony with nature [83] . In the Feroz Shah Kotla, we observed what seemed to be a tight but peaceful coexistence of bats and humans, mainly Muslims in this case, which must have persisted for a very long time, perhaps for centuries. We do not believe that the average tourist, whether Indian or European, is afraid of bats in the strict sense, but it is very important that this sensitive issue is handled with due respect [82] . European bats, including those in churches and houses, are now seen in a much more positive light than they were just a decade or two ago, thanks to education and enlightenment activities in combination with legal protection. In the case of bats, "fear" is partly an expression of curiosity and fascination, which can be turned into excitement by means of education, perhaps through cooperation with bat scientists. In our view, graffiti and other signs of vandalism [4, 5] , in combination with an accumulation of plastic bags and other garbage [6] in and around the buildings, almost certainly affect the appeal of the place. Signaling neglect and poor management, the piles of rubbish probably have a much stronger repelling effect on tourists than the presence of bats.
There are very few studies where the fates of bat colonies have been monitored at archaeological sites, following renovations and light installations. However, a recently published long-term (30 years) study of bat colonies (brown long-eared bats, Plecotus auritus) in 115 historical churches in Sweden [84] shows that major renovation work may cause the disappearance of bats, but more likely they will be back when conditions return to normal after the renovation. More importantly, the installation of esthetic and/or safety lights, usually done simultaneously with the renovations, is a more serious problem, particularly if the bats´roost and emergence sites become illuminated. In such cases, the bats usually disappear slowly but permanently, most likely because of starvation [85] . Hence, while renovation work is not necessarily harmful to resident bats in the long run if done with care, the installation of lights often has a catastrophic effect on the bat population.
Reported cases of declining populations of wrinkle-lipped free-tailed bats (Chaerephon plicatus) roosting in Buddhist temple caves in Cambodia are quite alarming, although the reason behind the decline remains unknown [86] . One possible explanation is that the use of pesticides in rice fields, where the bats feed, has affected their reproduction and survival over a long time. Bats eat a lot and often live for decades and, if the prey on insects containing pesticides, they may accumulate dangerous concentrations of such chemicals [87] . The scenario predicted by this hypothesis is worrying indeed, as it probably means a severe decline in the ecosystem service now provided by bats.
Conclusions
There is a long line of reasoning between the management of old monuments in Delhi for the facilitation of tourism, the welfare of the roosting bats therein, and their presumed pest control service over the surrounding agricultural fields. Bats are living components of old monuments, where they may have roosted for centuries, and should be treated as such whenever possible. The ecosystem service they provide by feeding on agricultural pests is considerable (worth 3.7 billion dollars annually in the USA [7] ; no figure exists for India). In comparison, the budget for the Archaeological Survey of India for 2018 was 140 million dollars [1, 2] , which is only a small fraction of the presumed value of the bats. Darkness is the bats´principal protection against predators [88] . We emphasize that lights must be used restrictively and with great care [89] . Clearly, the pivotal role of old monuments harboring bats in tourism, sustainable farming, food safety, and the economic well-being of the society cannot be ignored considering the evidence at hand.
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